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Abstract
Gaps are very important structure for the maintenance mechanism of tree populations, community
organization or species diversity of forest communities. To evaluate gap structure and gap regenera-
tion in well-preserved primary evergreen broad-leaved forests, this paper in the series of this study
described actual states of canopy gaps and clarified gap regeneration of major tree species in old-
growth evergreen broad-leaved forest stands, Tatera Forest Reserve, Tsushima, southwestern Japan.
The results clarified the gap structure such as percentage gap area, gap density, gap size and
characteristics of gapmakers etc. and the gap regeneration behaviors of major tree species in the
stands.
Introduction
'Canopy gaps are small openings formed in the forest canopy. Formation of gaps in the
closed canopy induces dynamic phenomena on forest regeneration known as 'gap regenera-
tion'(Runkle, 1981) or 'gap dynamics'(van der Maarel, 1988). Also, gaps are very impor-
tant structure for the maintenance mechanism of tree populations, community organization
or species diversity of forest communities (Yamamoto, 1992a). To evaluate the role of gap
structure for these subjects, primary forests with large area are crucial for the evaluation.
Most of present forests in the warm temperate zone of Japan are secondary ones by past
human interference, however. SO, clarifiing the gap structure of remaining primary warm
temperate forests with large area, like as Tatera Forest Reserve, must be valuable.
From these points of view, in order to know gap structure and gap regeneration in well-
preserved primary evergreen broad-leaved forests, this paper in the series of this study
describes actual states of canopy gaps and clarifies gap regeneration of major tree species in
old-growth evergreen broad-leaved forest stands, Tatera Forest Reserve, Tsushima,
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southwestern Japan.
Study area and Methods
Study area
Tatera Forest Reserve is located in the center of the South Island of Tsushima, at 34
25′ N and 129 20′ E, between the Japanese Archipelago and the Korean Peninsula. The
reserve, α. 100 ha, is situated on the north-facing slope of Mt. Tatera, ranging from 120 m to
560 m above sea level. The topography is flat and gentle in the low and middle altitudes, and
rather steep at high altitudes. The welトdeveloped evergreen broad-leaved forest is
dominated by Castanopsis cuspidata var. sieboldii or Distyhum racemosum at low altitudes,
and by Quercus acuta at higher altitudes. The reserve has been free from human interference
for centuries (Itow, 1991). See Itow (1989) and Itow et al. (1992) for environmental
features and outline of the vegetation of the reserve.
Two studystands (Stands 1 and 2) were sampled onthe lower part (140 m a. s. 1.) of
north-facing gentle (inclination ; 0-7 ) slope in the reserve. General height of canopy layer
of the stands was 20-30 m.
Methods
Next four regeneration categories were defined and used in this study: (1) 'canopy
trees'were defined as trees which reach the canopy layer (usually with more than 30 cm of
dbh) ; (2) 'gapmakers'were defined as trees more than 30 cm dbh creating a gap; (3) 'sup-
pressed saplings'and (4) 'gap successors'were defined as the tallest sapling (taller than
1. 3 m height, including non-canopy tree species) beneath the crown of each canopy tree and
in a gap, respectively. In the case of canopy and sub-canopy trees, therefore, suppressed
saplings mean their advance regenerations (Bormann and Likens, 1979) beneath a closed
canopy. Gap successors mean the most probable next occupant in the canopy or the sub-
canopy layers of the gap, and include both the advance regenerations and the new in-
dividuals (Bormann and Likens, 1979).
In both study stands, along transect lines, species name and diameter at breast height
(dbh) of canopy trees were recorded by the poinトcentered quarter method (Cottam and Cur-
tis, 1956) , which has been considered the most efficient of the available distance methods
(Mueller-Dombois and Ellenberg, 1974). Dbh of all trunks was measured when canopy
trees were individuals with multi-trunks at breast height. According to the rules of the
point-centered quarter method, not less than 20 points were selected at random along
transect lines in both study stands. The starting point of the initial transect line was located
randomly in each study stand. The direction of transect lines was altered when the top of
lines met any microtopographic changes (e.g., creek or small cliff). Beneath the crown of
each canopy tree recorded, the species name, dbh, and whether they are sprouts or not for
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suppressed saplings were also recorded. Absolute individual densities of canopy trees and
the relative density and relative dominance of suppressed saplings in both study stands were
also calculated from the point-centered quarter data. Individual density was used for the
calculation of relative density and basal area was used for the calculation of relative
dominance.
The gorund area under a canopy opening was defined as a 'gap. Therefore, our defini-
tion is different from expanded gaps by and is equivalent to canopy gaps by the definitions
of Runkle (1981) ; gaps are taken to become indistinguishable from the background
overstory when regeneration withm the gap has reached a height of more than about 10 m.
All gaps whose rough center was contained within either side of a 10 m distance perpen-
dicular to the transect lines were described. For each gap, the largest distance from gap
edge to gap edge (length) and the largest distance perpendicular to length (width) were
recorded and the gap area was calculated by the formula for a circle using the mean value of
the length and the width. Species name, dbh and the state (live or dead) of gapmakers were
recorded. The type of injury sustained by the gapmakers was also recorded. The identities
and injury types of very old gapmakers could not be identified. Estimated values were used
for the dbh of partly decomposed or broken-trunk (at breast height) gapmakers, although
these were few such cases. The species name, dbh, and whether they are sprouts or not for
gap successors were also noted. Densities of gaps and gapmakers in both study stands were
calculated from their numbers in the total surveyed area of both study stands.
Total surveyed area was calculated by the product of width of belt transects (i.e. 20 m)
and total length of the transect lines. Based on the total number and the total basal area of
gapmakers or gap successors in total surveyed area of both study stands, relative densities
and relative dominances of gapmakers or gap successors in each tree species were
calculated. Field survey was done in October of 1989 and 1991.
To esitimate the relationships between gap size and canopy openness, hemispherical
photographs (Whitmore et al, 1993) were taken by a fisheye lens (Nikon, 8mm) under
closed canopies and in the center of gaps with various size. A camera was maintained
horizontally at 1. 3m height above ground with a level. Degree of openness of photographs
was analyzed with an application of `NIH image'which is a free on-line image-analyzing sofト
ware.
Results
Characteristics of gaps and gapmakers
There were many canopy gaps with various size in both stands (Plate 1).
Characteristics of these gaps is summarized in Table 1. The percentage gap area (percent-
age of total gap area to total surveyed area) indicates what degree do gaps occupy the
forest canopy. The values were much different between two stands; Stand 1 was about
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Table 1. Summary of gap characteristics of two old㌘rowth evergreen broad-leav-
ed stands in the Tatera Forest Reserve.
Stand 1 Stand 2
Total gap area(nf)
Total surveyed area ( nf )
Percentage gap area(% J
Number of observed gaps
Density of gaps(ha- ! )
Mean gap size(nf)













twice the percentage of Stand 2. The gap density was higher in Stand 1 than in Stand 2,
though the values were not substantially different. Gap size ranged widely; the width of
range was larger in Stand 1 than in Stand 2. Mean gap size was also much different between
two stands. The value was 100 m2 in Stand 1 and 57 m2 in Stand 2.
These gaps were formed by single or multiple tree fall, although single tree fall was the
dominant mode of gap formation in both stands (Table 2). The gapmaker density was 33
hal in Stand 1 and 29 hal in Stand 2 ; the value was not substantially different between
stands. Size of gapmakers was clearly larger in Stand 1 than in Stand 2. Larger trees fell or
died in Stand 1. Canopy trees died or were injured with various types (standing-dead, trunk
broken or uprooted) , while the trunk-broken injury was the most frequent injury type in
both stands.
Table 2. Characteristics of gapmakers of two old-growth evergreen broad-leaved
stands in the Tatera Forest Reserve.
Stand 1 Stand 2
Density of gapmakers (ha一 1 )











Relationships between gap area and canopy openness was approximated by positive
linear relationships (Fig. 1, Y= 2. 8111 + 0.0180X, R2 = 0. 627). Thus, it was ascertained
that larger gaps have larger openness in the forest canopy.
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Fig. 1 Relationships between gap area and canopy openness in the old-growth
evergreen broad-leaved stands in the Tatera Forest Reserve.
Gap regeneration
Twenty-seven and twenty species occurred in Stand 1 and Stand 2, respectively, by the
investigation of the point-centered quarter method (Table 3). In these species, number of
canopy tree species occurred as canopy trees were 15 and 10 species in Stand 1 and Stand 2,
respectively. First dominant species in relative densities was Castanopsis cuspidata in both
stands; Distylium racemosum and Quercus salicina followed. Various species regenerated or
occurred in gaps (Plate 2).
Different gap regeneration behaviors of major tree species can be recognized by the oc-
currence and the values of relative densities in each regeneration category. Castanopsis
cuspidata that is the first dominant species occurred in canopy trees, gapmakers and gap sue-
cessors; the relative densities were higher in canopy trees and gapmakers. However, the
species did not occur or occurred very few in suppressed saplings. Next dominant species,
Distylium racemosum, occurred in every regeneration category with higher relative densities
except for gapmakers. Third dominant species, Quercus sahcina, occurred in canopy trees
and gapmakers with relatively higher relative densities, but it lacked completely suppressed
saplings and gap successors. Cleyera japonica occurred in suppressed saplings and gap sue-
cessors with higher relative densities, while the relative densities in canopy trees and gap-
makers were very low. These occurrence patterns for these species were common in both
stands.
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Table3. Relative densities ㈲ of tree species of each regeneration category (CT, canopy tree;
GM, gapmaker; SS, suppressed sapling; GS, gap successor) in two old-growth
evergreen broad-leaved stands in the Tatera Forest Reserve.
S p e c ie s
S ta n d 1 S ta n d 2
C T G M S S G S C T G M S S G S
C a m e llia j a p o n ica
C a rp m u s tsc h o n o s k ii
C a s ta n op s is cu sp id a ta
1 . 5









1 8 . 6
1 5 . 4
0 . 7
8 .0








2 8 . 9
1 3 . 8
6 . 2
3 . 1
C in n a m o m u m
m su la r tm o n ta n u m
C ley er a ja p o n ica
D a p h n ip h y llu m m a c ro p o d u m
D e n d r op a n a x tn f id u s
2 . 2
2 7 . 9
6 . 6
4 . 0
1 4 . 0
4 . 0
4 . 6
1 6 . 9
3 . 1
4 .6




















2 7 . 3
1 . 5
4 0 . 5
1 . 7
4 1 . 5
E u ry a j a p o n ica
F a g a ra a tla n th o id es
Id e s ia p o ly ca rp a
I llic iu m a n is a tu m
I lex m teg r a
I lex ro tu n d a
L ig u s tr u m j a p o n ic u m
L itse a a cu m in a ta
L its e a la n c if o lia
M o ru s a u s tra h s











N e o h ts ea s en c ea
P er se a j o p o n ica








P od o ca rp u s m a c r op h y llu s
P ru n s ja m a s a k u r a





Q u e r cu s sa h cm a
R h u s s u c ce d a n ea
S y m p lo co s lu cid a
1 0 . 3
0 .9
0 1 7
1 8 . 1
0 . 9
S y m p lo c o s p r u n if o h a 0 . 7 0 .9 6 . 2
T e r n s tr o e m ta g "y m n a n th e r a 1 . 5 1 .7
Discussion
Gap structure
Typhoon 12 in 1987 struck directly Tsushima islands. The Tatera Forest Reserve was
affected largely by this typhoon, resulting not to stand-level destruction but to the formation
of many new gaps.
As the gap density and the percentage of single tree fall gaps were not substantially dif-
ferent in both stands, difference of mean gap size should contribute to large difference of
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percentage gap area. Difference of mean gap size must be due to the difference of size of gap-
makers, because single tree fall gaps was dominant mode of gap formation in both stands; ob-
viously larger canopy trees died or fell in Stand 1. Also, it was ascertained by the analysis of
the hemispherical photographs taken by a fisheye lens that larger gaps have larger canopy
openness.
Gap regeneration
Gap regenration behaviors of major tree species were typically different; clearly dif-
ferent four types can be recognized, like as other primary warm temperate evergreen broad-
leaved forests (Yamamoto, 1992b). Distylium racemosum is considered to be a typical
primary tree species'(Brokaw, 1985) or 'climax (non-pioneer) species'(Whitmore,
1989) , because it has advance regenerations (Bormann and Likens, 1979). The value of
relative density in gapmakers of D. racemosum was very low compared with other regenera-
tion categories. The reason is not unknown; canopy trees of D. racemosum may have longer
longevity. Castanopsis cuspidata may behave likely as 'pioneer species'(Brokaw, 1985; Whit-
more, 1989) in the gap regeneration behavior, because it does not have advance regenera-
tions but has gap regeneraters. Quercus sahcina does not have its regeneration, implying
that trees can not regenerate in gaps formed under current gap-disturbance regime. Cleyera
japonica has very few or few canopy trees and gapmakers, but has abundant advance
regenerations and gap regeneraters. This type of gap regeneration behavior implies that
trees regenerate in gaps from saplings recruited before the gap formation, but that they rare-
ly reach a canopy layer. The species can be considered typical 'sub-canopy tree species'.
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Summary
To evaluate gap structure and gap regeneration in welトpreserved primary evergreen
broad- leaved forests, this paper in the series of this study descrilbed actual states of canopy
gaps and clarified gap regeneration behavior of major tree species in two old-growth
evergreen broad-leaved forest stands, Tatera Forest Reserve, Tsushima, southwestern
Japan.
1 ) Percentage gap area was 23.9 and 10.2 %, gap density was 23.8 and 18.0 ha-]
and mean gap size was 100 and 57nf. Most gaps were formed by single tree fall. Gap size and
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canopy openness were positively correlated and the relationships were approximated by
positive linear one.
2 ) Densityandmean dbhofgapmakerswere 33 and 29 ha-l , and 79 and 49 cm, respec-
tively. Trunk broken was dominant mode of the death or the injury of canopy trees; the
percentages were 49 and 65 %.
3 ) Typical four types of gap regeneration behavior were recognized for major tree
species such as Distylium racemosum, Castanopsis cuspidata, Quercus salicma and Cleyera
japonica.
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Plate 2 State of regeneration within a gap. Vigorous growth of light-demanding pioneer
species such as Fagara at由nthoides, Moms australis and Mallotus japonicus etc.
can be found.
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対馬・龍良山の照葉樹林の研究
Ⅴ.成熟林分における林冠ギャップとギャップ更新
山本進一・伊藤秀
要約
原生状態の照葉樹林のギャップ構造とギャップ更新を評価するために,対馬・龍良山の照葉樹
林研究の一環としての本研究では,龍良山保護林の成熟した二林分を対象に,林冠ギャップの存
在状態を記載し,主要樹種のギャップ更新特性を明らかにした｡
1)両林分ともシイノキとイスノキが林冠層で優占し,ウラジロガシがこれに続く組成と構造
を有していた｡両林分とも1987年の12号台風によるものと思われる新生ギャップを含めて多くの
林冠ギャップが存在した｡全調査面積, 2.10と2.28haに対して,ギャップ面積率(林冠面積に
対してギャップ面積の占める面積割合)は23.9と10.2%, ha当たりのギャップ密度は23.8と18.0
個であった｡ギャップの長径と短径を測定し,円近似して求めたギャップ面積の平均値は100と
57nfであった｡また,最大サイズ(面積)は568と322nfであった｡ギャップには単一木によって形
成されたものと複数木によるものとがあったが,大部分のギャップは単一木によるものであった｡
2)ギャップサイズ(面積)と実際の林冠の関空度の関係を見るために,ギャップの中央部で
魚眼レンズを使用して全天空写真を撮影した白黒写真を画像解析により解析し,林冠の関空率を
求めた｡その結果,ギャップサイズと関空率の関係は直線近似される正の相関関係にあった｡
3)ギャップ形成木については,その密度はha当たり33と29個,その平均胸高直径は79と49
cmであった｡ギャップ形成木には様々な枯死・傷害形態のもの(立ち枯れ・幹折れ・根返りなど)
があったが,幹折れによるものが最も多く, 49と65%であった｡
4)主要樹種のギャップ更新を,林冠木・ギャップ形成木・林内幼木・ギャップ更新木の4更
新カテゴリーに区分して調査し,それらにおける相対密度を樹種間で比較した結果, 4タイプの
顕著なギャップ更新タイプが認められた｡優占樹種のイスノキは,すべての更新カテゴリーに出
現したところから,ギャップ形成前の閉鎖林冠下に存在していた前生樹によって更新していると
判断された｡本種は,典型的な極相種と考えられる｡もう一方の優占樹種であるシイノキは,林
内幼木のみを欠くか出現してもわずかであったことから,閉鎖林冠下では更新木の確保が困難で,
ギャップに新たに侵入した後生樹によって更新している樹種と考えられた｡本種はギャップ更新
の範噂における先駆樹種と考えれる｡林冠層に比較的多く存在するウラジロガシは,林冠木やギ
ャップ形成木には比較的高い密度で出現したが,更新木である林内幼木やギャップ更新木として
ほとんど出現しなかった｡現在のギャップ撹乱体制では,更新の可能性が低い樹種と考えられる｡
サカキは林内幼木やギャップ更新木としては高い密度で出現したのにもかかわらず,林冠木やギ
ャップ形成木としてはほとんど出現しないか,出現してもきわめてわずかであった｡本種は,閉
鎖林冠下で前生樹として存在し,ギャップで成長するが,林冠層まで到達せずに生活史を完結す
る典型的な亜高木性樹種と考えられた｡
